We studied 50 consecutive patients presenting at an accident department after rear-end vehicle collisions and recorded symptoms and psychological test scores within one week of injury, at three months and at two years. The range of neck movement was noted at three months.
About one in 20 of the general population gives a history of neck injury as a result of a rear-end road-traffic accident. 1 After such a 'whiplash' injury about 40% of patients report continuing discomfort and 10% are unable to work. 2 Symptoms which are still established after two years tend to persist and have been reported after a mean of 5 years, 3 8 years, 4 10.8 years, 5 13.5 years 6 and 15 years. 7 A large proportion of patients appears to reach a final state of recovery or chronic symptoms within three months of injury. 5, 8, 9 The symptoms are often disproportionate to the physical signs 10 and have been shown to correlate poorly with the findings on plain radiographs, 10,11 scintigraphy 12 and MRI. 13 Partly for this reason, the syndrome has been frequently associated with psychological disease. [14] [15] [16] [17] [18] [19] [20] One theory is that some patients are predisposed to develop psychological disease after whiplash injury. 15, [20] [21] [22] [23] [24] Radanov et al, 19 using formal psychological testing, found that prolonged symptoms were associated with severity of pain immediately after the accident, but not with any preexisting psychosocial disorder. 14, 15 We have investigated the pre-existence and development of behavioural disorders after whiplash injuries using a validated psychological test. We also compared the results with the incidence and severity of the symptoms and physical signs.
PATIENTS AND METHODS
During a 16-week period from May to September 1991, we made a prospective study of 50 consecutive patients who attended the Accident Department of the Princess Margaret Hospital, Swindon, after a rear-end vehicle collision. All patients had been sitting in a stationary vehicle when it was impacted from the rear. The onset of symptoms is sometimes delayed, 25, 26 and therefore all the passengers in each vehicle were included in the study whether or not they complained of significant symptoms at first attendance. There were 38 road-traffic accidents: 27 of them involved one patient, in ten there were two and in one a driver and two passengers. The patients were identified and entered into the series by Accident Department staff. There were 26 females and 24 males with a mean age of 32 years (female 12 to 49; male 10 to 49). All had plain cervical spine radiographs and initial treatment with a soft cervical collar, non-steroidal anti-inflammatory drugs and a selfhelp advice sheet. 27 Within one week of injury (mean 5.5 days) all patients were reviewed by the first author (MG) who recorded their symptoms 5 (Table I) and their psychological status by using the General Health Questionnaire (GHQ28). 28 The first author was blinded to the results of the GHQ28 questionnaires, which were scored, using both the Likert and abbreviated methods, by the second author (GB), who was unaware of the clinical findings. The patients were interviewed again and their GHQ28 scores were recorded after three months and at about two years. Their range of neck movement 29 was noted at the three-month review. Statistical analysis. The data were analysed by the fourth author (SH) using an SPSS program. The age in years, range of neck movement and GHQ28 scores were entered with the means and standard deviations and then related to the severity of symptoms using an unpaired t-test. These variables were also compared over time using a paired ttest. The influence of gender and the frequency of abnormal GHQ28 scores were compared using the chi-squared test. Change in severity of symptoms over time was assessed by the Wilcoxon signed-rank test, and logistic regression was used to identify those variables that predicted the clinical outcome after two years.
RESULTS
There was no loss to follow-up and all relevant data were retrieved. Clinical outcome. Three patients had no symptoms when they were interviewed at a mean of 5.5 days after injury, but all had experienced some discomfort by the three-month review. The severity of symptoms at three months and at two years was comparable (Table I) , but during this period there had been improvement in nine patients and deterioration in six. At two years, one-third of the patients still had intrusive or disabling symptoms. Those with this level of complaints were more likely to be female and to have had restricted neck movement at three months (Table II) . Psychological state. The abbreviated GHQ28 scores (Table  II) within one week of the accident were normal, with a mean of 2.46 as against an upper limit of normal of 5. We found no association with the severity of the symptoms at two years. By contrast, the GHQ28 scores at three months and at two years were higher in patients who had intrusive/ disabling symptoms at two years. In these, all four components of the GHQ28 Likert score were significantly increased between the mean 5.5 days and three months (somatisation p < 0.001; anxiety and insomnia p < 0.005; social deprivation p = 0.02; depression p = 0.007) ( Table III) . Prediction of clinical outcome. We recorded the level of the clinical symptoms as either asymptomatic/nuisance or as intrusive/disabling at three months. The clinical outcome after two years could be predicted by both the range of neck movement at three months and the GHQ28 score at three months. The accuracy for range of neck movement was 76% (91% for asymptomatic/nuisance and 44% for intrusive/disabling) and by the GHQ28 74% (94% for asymptomatic/nuisance and 31% for intrusive/disabling). By combining the results for range of neck movement and GHQ28 at three months, the severity of symptoms after two years could be predicted with 82% accuracy (94% for asymptomatic/nuisance and 56% for intrusive/disabling).
DISCUSSION
The purely organic component of neck pain cannot be measured. Radiographs have been shown to correlate with neck pain, 30 but less well than the restriction of range of movement used in our study. The range of active movement has been shown to predict the outcome of whiplash injury and although it may be subject to subconscious or voluntary inhibition, it is the most reproducible sign of physical limitation. We found it possible to predict at three months which patients would recover with an accuracy of over 90%. The finding that range of neck movement and psychological response were equally predictive suggests that a significant component of chronic disability after whiplash injury is psychological.
Three controlled trials have addressed the problems of the management of whiplash injury. 27, 31, 32 All showed that the worst treatment is immobilisation in a collar, that general physiotherapy 27, 32 is little better, and that Maitland manipulations, 30 which encourage neck movement, provide the greatest symptomatic improvement. We found that the psychological scores within one week of injury in those who either recovered completely or had only nuisance-level discomfort at two years were similar to the scores in patients who subsequently developed intrusive or disabling symptoms. If patients with severe symptoms were those with a low threshold for anxiety or a predisposition to psychosomatic reaction, it would be reasonable to expect that the accident would precipitate these early. This was not so since psychological disorder developed in these patients between one week and three months and was associated with reported pain and measured neck stiffness. We have suggested that a proportion of the symptoms of a whiplash injury is associated with behavioural response, and it is necessary to consider factors which may have confounded that response. Whiplash injuries are now commonly associated with litigation; this may influence the reported outcomes. In 1986, Mills and Horne 33 compared the findings from one year of road-traffic accidents in New Zealand with those in the state of Victoria, Australia. The size of the population, the number of cars registered and number of accidents were comparable but in Victoria rearend collisions were 3.5 times as common, ten times as many patients claimed compensation, five times as many were off work for more than two months, and litigation cases were settled for three times as much. In Victoria at that time, litigation was commonly instigated to pay hospital bills and other medical costs; in New Zealand these costs were borne by the state. In 1987, legislation was introduced in Victoria which required patients to report all whiplash injuries to the police and to pay the first 317 dollars of medical expenses: claims fell by 68%. 34 In countries such as Lithuania there is a low awareness of whiplash-related disability. Schrader et al 24 found similar prevalences of neck-related symptoms in subjects who had been involved in rear-end collisions and in matched controls. They attributed this finding to the absence of litigation and of possible financial gain. Close scrutiny of these results shows that accident victims were one-and-ahalf times as likely to have more frequent neck pain than the control subjects, and that the overall prevalence of neck pain (33%) in the control population was three times higher than that reported for Belfast 26 psychological scores on the GHQ in 37% of symptomatic patients. Litigation may influence the late behavioural response, but this appears to become established during the initial three months from injury, and if it had been consciously adopted for financial gain, it is curious that it should persist for so long after compensation has been paid. The Oxford Road Traffic Accident Study 37 compared injured car occupants and motor cyclists with those with whiplash injuries. Patients with whiplash injuries showed less distress than other car occupants or motor cyclists; the prospect of compensation did not predict psychological disorder. Our findings suggest that the symptoms of whiplash injury have both physical and psychological components, and that the psychological response develops after the physical damage. Both physical and behavioural responses to these injuries are established in most cases within three months of injury. This suggests that the greatest potential for influencing the natural history of the syndrome is within this period.
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